background: The aim of this study was to investigate whether there is a need for diagnostic biopsies in men with obstructive azoospermia (OA).
Introduction
Obstructive azoospermia (OA) occurs in 15 -20% of infertile men (Dohle et al., 2005) . The specific conditions that are associated with OA include absent vasa deferentia, bilateral epididymal obstruction and bilateral ductal obstruction. Ductal obstruction is the result of post-inflammatory or iatrogenic vasal injury, ejaculatory duct obstruction (e.g. due to utriculus-cysts) or idiopathic bilateral epididymal obstruction. Diagnostic testis biopsy is the only direct method for investigating spermatogenic activity in the seminiferous tubules. It permits the histological evaluation of the germinal tissues, the cytomorphology of germ cells and the androgenic tissues. Diagnostic testicular biopsies are recommended to distinguish between OA and non-obstructive azoospermia (NOA) (Rowe et al., 2000) .
The clinical features of OA are normal testicular volumes, normal serum FSH and risk factors of obstruction at different anatomical levels. Epididymal alpha-glucosidase is involved in the preparation of spermatozoa for storage. Since low glucosidase levels in seminal plasma are correlated with ductal obstruction (Yeung and Cooper, 1994; Yeung et al., 2009) , glucosidase levels can be used as an additional indicator of OA. Glucosidase levels are therefore routinely evaluated in the seminal plasma of patients with the presumption diagnosis of ductal obstruction. Men with OA can undergo surgical correction of the obstruction, which may produce pregnancy by intercourse and obviate the need for assisted reproductive technology. Sperm retrieval and cryopreservation may be performed at the time of microsurgical reconstruction to avoid a second procedure if the microsurgical reconstruction is not successful. There are insufficient data from randomized trials to recommend any particular surgical spermretrieval technique for either OA or NOA. According to national and international guidelines, there is no consensus on whether diagnostic testicular biopsy should be done on one or both sides. Therefore, unilateral and bilateral diagnostic biopsies are both acceptable (Jarow et al., 2002) . Frequent histological score differences between both testes are a possible cause of misdiagnosis of male fertility and consecutive under treatment. The European Association of Urology (EAU) Working Group on Male Infertility states that in NOA no clear relationship has been found between successful sperm harvesting and FSH or testicular volume (Dohle et al., 2005) .
The distinction between OA and NOA may be difficult in cases with decreased sperm production and a pattern of hypospermatogenensis combined with an obstructive lesion. Chronic obstruction (e.g. as in vasectomy) can result in reduced spermatogenesis (Raleigh et al., 2004) . Even when the diagnosis of obstruction is almost certain, normal spermatogenesis should be confirmed before undertaking expensive and invasive therapies such as ICSI or reconstructive surgery. Vasectomized men almost always have spermatids obtainable by biopsy and thus may not routinely receive a diagnostic testis biopsy (Schulze et al., 1999) . This approach may also be reasonable in men with bilateral absence of the vas deferens that have a low risk of failed testicular sperm extraction (TESE).
Here, we investigated the quality of spermatogenesis, analysed bilateral discordant patterns in testicular histology and evaluated predictors for the outcome of therapeutic biopsies in patients with OA.
Materials and Methods
This study was approved by the ethics committee of the Westphalian Wilhelms-University of Münster. Patients were informed in advance of the study criteria, and written informed consent was obtained preoperatively to take additional bilateral diagnostic testis biopsies for study purposes. Sixty-three consecutive patients with clinical evidence of OA were included in this cross-sectional study from 2003 to 2006. Exclusion criteria included the coexistence of confounding conditions such as cryptorchidism and varicocele. Azoospermia was due to vasectomy in 33 patients, 7 patients suffered from chronic bilateral epididymal inflammation and 23 had bilateral aplasia of the vas deferens. The initial diagnosis of azoospermia required the absence of sperm in at least two separate centrifuged semen samples (15 min at .3000g). The analysis of the ejaculate was performed according to WHO standard procedures (WHO, 1999) . In addition, glucosidase levels in the seminal plasma of all patients were analysed as previously described (Yeung and Cooper, 1994; Yeung et al., 2009) . All men either underwent microsurgical vasal/epididymal reconstruction or surgical sperm retrieval for ICSI.
Patients underwent scrotal exploration and two diagnostic biopsies of each testis. Biopsies were taken at the same time as microsurgical vasal reconstruction or testicular sperm retrieval. Testicular biopsies were taken after scrotal incision of the tunica albuginea of the testis at the incision site. Each biopsy was 5 mm in diameter. The biopsies were processed as follows: biopsies were fixed in freshly prepared Bouin's solution for 6 -12 h, temporarily stored in 70% ethanol at 48C, embedded in paraffin wax, and sectioned (5 mm) and stained with haematoxylin according to standard procedures. All biopsies were examined independently by two experienced investigators (M.B. and S.K.).
Paraffin sections were analysed semi-quantitatively for the evaluation of spermatogenesis . Preparation was performed according to standard protocols as previously described (Bergmann and Kliesch, 1994; Kliesch et al., 1998) . Approximately 25 tubular sections are sufficient for a practical and valid evaluation of a biopsy specimen (Holstein and Schirren, 1983) . The percentage of tubular sections counted that contain mature spermatids is a reliable semi-quantitative estimate of spermatogenic activity. Testicular tissue is considered normal when it approaches a histological score of 10 (100%). A score of 8 (80%) may be associated with a spermatozoal count of nearly 10 million/ml of ejaculate (Holstein and Schirren, 1983) . In many biopsies, all sections of tubules show the same histopathological changes, but in others, groups of tubules display different degrees of disorder, called mixed atrophy. A diagnosis of hypospermatogenesis is made when a score below 8 (,80%) is obtained (Holstein and Schirren, 1983; Holstein et al., 1988) . The end result is a record of the general condition of the testicular tissue. Every tubule present in the histological section is analysed according to a standardized data sheet and the modified Holstein's score is based on the percentage of tubules showing elongated spermatids (Bergmann and Kliesch, 2010) . The total number of tubules is summarized and the percentage of tubules with elongated spermatids given as the final score indicates the presence or absence of elongated spermatids (i.e. score 10 means 100% of tubules contain elongated spermatids; score 1 means 10% of tubules contain elongated spermatids). If ,10% (1-9%) of tubules contain elongated spermatids, an extended subclassification of the score (0.1 -0.9) may be reasonable in the case of planned TESE/ ICSI therapy (Table I) Testis biopsy in obstructive azoospermia same testis were averaged and (where applicable) rounded up for further analysis. Testicular volume was measured by scrotal ultrasonography (7.5-12.0 MHz-Scanner, normal volume .12 ml) (Dö rnberger et al., 1986) . Blood for serum hormone analyses was taken from a cubital vein before 11:00 a.m. Hormonal evaluation included measuring the serum levels of FSH, LH and testosterone. Serum LH and FSH were analysed in duplicate by the highly specific Electro-ChemiLuminescent-Immunoassay (Roche Diagnostics, Basel, Switzerland). The detection limit for FSH and LH was 0.1 mU/ml. The detection limit for total testosterone was 0.02 ng/ml. The normal range for LH and FSH in healthy adult men is 1.71 -8.95 and 1.5 -12.4 mU/ml, respectively. The normal range for total testosterone in healthy adult men is 2.84 -7.99 ng/ml.
Calculations were performed using Microsoft standard software Excel XP (Microsoft Corporation, Redmond, WA, USA) and the statistical software package SPSS/PC+, version 14.0 (SPSS Inc., Chicago, IL, USA). In general, results are given as the mean + standard deviation or as percentages. The Kendall's rank correlation coefficient, commonly referred to as Kendall's tau (t) coefficient, was used to measure the association between two measured quantities. A univariate chi-square test was used to analyse the associations between nominal variables. P-values , 0.05 were considered to be significant.
Results
Sixty-three patients (mean age 34 + 5 years, range 24-42) with a clinical diagnosis of OA were included in this study. Four patients were excluded from statistical analyses because of missing reference histological examinations. In total, 236 biopsies of 118 testes from 59 patients were investigated.
All patients had low glucosidase levels in pre-operative semen samples (5.4 + 4.2 mU/ejaculate).
Median (quartiles) histological score for right versus left testes was 9 (8-9) versus 9 (8 -10). In 22 patients, no difference in score between the right and left testicle was observed. Thirty-seven patients had testicular histologies that differed between the right and left side (Table II) . In eight patients (14%), the difference in scores was 3 or more, indicating the presence of mixed testicular atrophy in at least one testis. In all of these patients, the higher score was found in the larger testis. The aetiologies of the obstructions in the eight men with score differences ≥ 3 were vasectomy (n ¼ 6) and bilateral aplasia of the vas deferens (n ¼ 2). Testicular histologies for these patients are listed in detail in Table III . The score differences observed in duplicate biopsies from the same testis (intra-individual differences within the same testis, n ¼ 118) are summarized in Table IV. Testicular volume measured by scrotal ultrasonography was within the normal range in all patients. Mean testicular volume of the right side was 21.2 ml (range: 11.9 -38.0) and of the left side was 19.4 ml (range: 14.0 -37.0). There was no significant difference between the two sides.
There was an apparent weak positive correlation between the total testicular volume and the mean histological score (Kendall's t-b ¼ 0.157) but it was not statistically significant (P . 0.05), Fig. 1) .
Serum testosterone and LH levels were within in the normal range for all patients (5.1 + 1.2 ng/ml and 5.4 + 2.7 mU/ml, respectively). The mean serum concentration of FSH was 4.6 + 2.5 mU/ml. FSH levels were negatively correlated with total testicular volume 
Discussion
Diagnostic testicular biopsy is required to differentiate between obstructive and non-OA in patients with normal ejaculate volume, normal testicular size, at least one palpable vas deferens and a normal serum FSH level. Testicular biopsy remains the key method for determining the status of spermatogenesis since endocrine tests do not always distinguish normal (OA) from profoundly impaired spermatogenesis (NOA) or predict the recovery of mature spermatids for ICSI via TESE (Seo and Ko, 2001) . Divergent histological reporting systems and the use of imprecise terminology can degrade the value of the results on TESE recovery rates and hinder precise evaluation of treatment strategies. Re-evaluations of testis biopsies have shown that original reports can be deficient and that clinical decision-making can be improved by the use of a systematized approach. Moreover, poor fixation of the specimen is frequently noted and it is clear when the pathologist does not frequently report on testicular biopsies. A recent study of the histological diagnoses of 113 azoospermic men revealed significant reporting discrepancies that changed the clinical management of 27% of the cases (Cooperberg et al., 2005) , supporting the need for a standardized approach to reporting testis biopsies. The guidelines for the evaluation of azoospermic males were recently revised (EAU Working Group on Male Infertility, 2005; Practice Committee of the American Society for Reproductive Medicine in collaboration with the Society for Male Reproduction and Urology, 2008a,b). However, since no consensus was reached on whether diagnostic testicular biopsy should be done of one or two sides, unilateral biopsy and bilateral biopsies are both acceptable. There is increasing interest in the diagnostic and therapeutic efficacy of testicular biopsies in patients with azoospermia irrespective of the aetiology since only a single sperm is needed for successful fertilization of oocytes irrespective of sperm origin. A previous study revealed that bilateral testicular biopsies in patients with either obstructive or non-OA had identical histopathologies in 72% and divergent results in 28% of cases and that bilateral biopsies increase the detection of focal spermatogenesis to 68% (Plas et al., 1999) . While unilateral biopsy in symmetrical and bilateral biopsies in asymmetrical testes have been recommended (Lipshultz et al., 2007) , others suggest that only bilateral biopsies are sufficient for the evaluation of azoospermia (Behre et al., 1997; McLachlan et al., 2007) . Intra-individual variations in histopathologies of bilateral biopsies range from 0 to 47% (Schroeder-Prinzen et al., 1995) . Histological examination, which remains the only way to fully describe spermatogenesis, is now qualitative and semi-quantitative with the adoption of standardized, universally understood terminology (Robin et al., 2010) .
In this study, diagnostic biopsies of men with OA were analysed using the standardized and modified Holstein's score. Reference pathology ensured detailed microscopic descriptions and reduced intraand inter-observer variations.
Of our obstructive-azoospermic patients, 86% had insignificant score differences between right and left testis and therefore had no differences that would portend a failure for sperm retrieval. In 14% of men with obstruction, significant score differences (≥3) were found. In all of these patients, spermatogenesis was normal in the larger of both testes, suggesting that only unilateral biopsy is required. In our study, the quality of spermatogenesis, as reflected in Holstein's score, correlated with higher testicular volumes and lower FSH levels. No intratesticular damage, implying impaired spermatogenesis, was suspected in obstructed patients. Single viable spermatozoon can be obtained in most infertile patients, including those with testicular failure. The chance of successful sperm retrieval in non-OA is 50 -60%. In our series of patients, only one suffered from Sertoli-cell-only syndrome on one side, whereas spermatogenesis was almost normal on the other, larger side. Intra-individually, there were only slight differences of the Holstein score within the same testicle. Effectively 51 of 59 patients (86%) showed similar scores between the two testicles (right and left). The frequencies of score differences ≥3 are similar in biopsies from the same testis 12/118 (10.2%) as between the contralateral testes 8/59 (13.6%).
The evaluation of an azoospermic patient should not only focus on retrieval of spermatozoa for fertilization but also on the determination of testicular pathology. Since we noted only a minor difference in testicular histologies of our patients with OA, bilateral biopsies should not necessarily be emphasized. Of all the patients with score difference of ≥3, all had a score of .7 in at least one testis. Adequate diagnostic information would have been obtained from unilateral biopsy of the larger testis. This finding has the potential to impact the counselling of infertile couples since the probability of testicular sperm retrieval is positively correlated with testicular histology (Schoor et al., 2002) .
Nevertheless, the surgical trauma of bi-or unilateral biopsies is acceptable when the scrotal incision has no complications. Testicular biopsy can be performed under local or general anaesthetic by transcutaneous needle or open biopsies from one or more sites. There are conditions under which the primary clinical issue is readily addressed using fine needle aspiration, such as differentiating obstructive from NOA or retrieving spermatids post-vasectomy, whereas open testicular biopsy is preferred when assessing a subject at a high risk of carcinoma in situ or when contralateral testis cancer is present (McLachlan et al., 2007) .
In the case of obstruction, our data suggest that a unilateral biopsy of the larger testis is sufficient for sperm retrieval. In addition, patients with obstruction due to vasectomy, bilateral absence of the vas deferens or bilateral inflammation may not need a diagnostic testis biopsy.
Conclusions
Even in patients with OA, the quality of spermatogenesis correlates with lower FSH levels and higher testicular volume. Intra-individual differences in exocrine testis function were found in 14% of our patients (post-vasectomy, bilateral absence of the vas deferens or bilateral inflammation). The frequency of discordant patterns in testis histology is low and will not affect successful sperm retrieval in these patients if the larger testis is biopsied. In the azoospermic patient with obstruction, bilateral testicular biopsies must not be considered superior to unilateral biopsy in the diagnostic or therapeutic setting. Patients with OA may not need to routinely receive a testis biopsy for diagnostic reasons. These data do not apply to men with NOA.
